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Contracention is achieved mainlv by inhibiting ovulation throueh the solution) and in sterile medication delivery bags (Intravia, Baxter) (IV
: " YT : y 4 5 % : B8 Ethinyl Estradiol % Recovery B® Norelgestromin % Recover NE EE SOIUtion)
combined activity of two main components: estrogen and progestin. 9 ° y —

] ) ) ) ] ] ] ) olumn o Excitation Emission . . .
Nore|ge5trom|n/eth|ny| estradiol (NE/EE) IS g proges’“n/estrogen combination | Exp. No TCERITE Flow rate | Acetonitrile Water Wavelength wavelength | wavelength Time (h) Concentrated Stock Solution® IV solution®
hormonal contraceptive indicated for the prevention of pregnancy in women. 1 53 13 30 70 543 581 309 0 98.49 + 1.23 98.79 + 1.92
The intravenous (V) route allows 100% bioavailability and is the most rapid 5 1 5 7o 2 62 1.7 30 70 241 279 311 0.5 98.54 +1.99 98.25 + 1.88
method of getting a drug into systemic circulation. Development of an IV g g .. 3 58 1.3 40 60 241 279 309 1 L 2 o0 S 5 S
formulation that contains both NE and EE is important to determine the = = 4 62 1.7 40 60 243 281 309 2 98.14 £ 049 98.29 £ 2.11
absolute bioavailability of both NE and EE after administration of other 5 58 1.3 30 70 243 281 311 4 98.29£0.53 98.76 £3.69
pharmaceutical products (e.g., contraceptive transdermal delivery systems). 0" o- 6 62 17 30 70 241 279 311 6 98.98%2.75 9858 £ 3.24
The very poor solubility and wettability of these drugs, along with their high T 2 0 T T 2 T 7 58 13 40 60 241 279 311 8 08.88£0.79 08.85 £ 2.65
potency (adsorption issues), gave rise to difficulties in designing an IV €SS e TS e 8 62 1.7 40 60 243 281 309 10 08.59 2 1.44 07142229

. . . . . . . - a® a® 12 98.92 + 2.30 97.68 £ 1.55
pharmaceutical formulation that could be used in clinical bioavailability & & 9 60 1.5 35 65 242 280 310
. . . . 24 98.25+1.74 97.68 £ 1.55
studies. In this study, we developed and validated HPLC chromatographic Figure 1. Solubility of NE and EE in different solvent systems . Data represent mean 10 60 1.5 35 65 242 280 310 ” e — i
methods for quantification of both drugs, we used a cosolvent/surfactant + SD (n=3) (NS: Normal saline, WFI: Sterile water for injection, ETOH: Ethanol, 11 60 1.5 35 65 242 280 310 = o1 e eqs2a
system (ethanol/polysorbate 80) to solubilize NE and EE. We optimized the PS-80: Polysorbate 80) o P a2 1300
COmpOSitiOn Of the SOlvent SYStem tO minimize the amount Of bOth ethano' Coefficients (scaled and centered) - Norelgestromin (MLR) Coefficients (scaled and centered) - Ethinyl estradiol (MLR) 120 92 25 + 1.01 9579 + 1.20
. . . . . . Capacity Factor Mumber of theoretical plates Capacity Factor Mumber of theoretical plates . -+ . -+
and polysorbate 89.whlle maintaining therap(.e%mcally effec’Flve amounjcs of : - — i — 1aa 0525 23.00 N
both drugs. In addltlop, we eval.uateo! the stability c?f NE/FE in ar.m \Y o!ellv.e.ry L Norelgestromin . ; ) B ﬂ T - 0 131 08 13791 50
bag to ensure a practical shelf life suitable for use in a clinical bioavailability “ | ST 15 01633948 01602379
study. o L Pyt stadiol g : g ¢ 216 89.95 + 2.39 90.99 + 2.51
“‘ : A=254 , _ § 511_ o 240 8341 %4.63 200128
T . ,, 77 f"? = o o - #Expressed as percentage of original concentration remaining (Mean = SD, n=3
Solubility studies L : L L P P g g g )
Solubility studies were conducted to optimize the formulation of NE/EE IV 2o J\ R — e e T - * Stock concentrated solution Intravenous infusion solution
i ih l I I . - A B 110 110
solution. Solubility measurements were determined in various solvents:
. Normal Sa Iine 000 050 100 150 200 250 300 350 400 45 500 XE&S 650 700 75 800 850 900 950 1000 1050 1100 1150 1200 B Figure 4. Regression Coefficient pIOtS Obta i ned fOI IOWi ng Plackett_Bu rma n 5 .
: : : . “ 2
e Normal saline + 10% ethanol , , design using MODDE pro 11 (Umetrics, Sweden) : (A) NE and (B) EE 2 100 5
Steri tor for P - Figure 2. (A) Chromatogram, (B) 3 D plot chromatogram of a 5 pug/mL mixture of ' g 2 100
e Sterile water for injection S . 0 >
, , J , , NE and EE indicating polysorbate 80 interference (Method A) @ S
e Sterile water for injection with 1 - 10 % ethanol £ :
e Sterile water for injection with 2.5 % ethanol and 2.5 % polysorbate 80 Table 3. Stability of EE during storage in glass bottlgs (concentrated stock 5 S
. . . = ) . . . . . . s ]
Amounts of NE and EE were weighed in glass vials containing 60 mL of solvent. solution) and in sterile medication delivery bags (Intravia“, Baxter) (IV solution) : :
. | =
The samples were shaken at 25 = 2°C for 24 h, and then filtered through 0.2 o | Time (h) Concentrated Stock Solution® WV solution® } =
. . . . I
um filter. Concentrations of dissolved NE and EE were analyzed using the = | 5 10090+ 1.64 10082 5945 o 50 100 150 200 250 300 ——e
developed and validated HPLC method. i 05 100.04 + 1.94 100.49 + 1.59 . Time (hours) Time (hours)
” Figure 6. Plot of mean percentage recovery of NE (mean = SD, n = 3) versus
) i 1 100.21 +1.27 100.45 + 1.85 . .
Chromatographic conditions - = =" A 26,96 + 1 85 16,60 1 2 08 time for concentrated stock and IV solution
e Method A: High-performance liquid chromatography (HPLC) column used | a 59.82 +1.76 08.62 4 2.17 Table 5. Phvsical combtability testing of the intravenous administration set
was the Symmetry® C.; (4.6 mm x 150 mm, 5 um) (Waters®; Milford, MA) - . ” _ o 6 99 64 + 2.46 03,65 + 1.46 -y P y 5
coupled with Phenomenex Luna® Security C,¢ guard column (4.0 mm x 3.0 | R R o 3 98.76 + 1.09 98.81 + 1.73 No inline filter Inline filter
mm). Mobile phase composition was (A): methanol, (B): acetonitrile and T W B T T W R e T i W A o 10 98.70 £ 2.01 97.64£2.25 EE NE EE NE
(C):water. Isocratic elution (A:50, B:20, C:30, v/v) was employed at a flow MA ““““““ ] 12 98.30 + 2.6 95.07 + 0.50 (Mean £ 5D, n=3) | (Mean £SD,n=3) | (Mean £SD,n=3) | (Mean £ SD, n=3)
rate of 0.5 mL/min. C.olumn .anc! autosampler temperatures were set at Figure 3. (A) Chromatogram , (B) 3 D plot chromatogram of a 5 ug/mL mixture of 24 96.16 + 2.51 94.97 + 3.86 St 10274+ 4.70 | 10033 + 6.71 96.99 + 2.94 99.07 + 0.002
60°C and 25°C, respectively. Injection volume of 20 pL was used. 8 - \A) Lhromatogram, P 5 HE 18 94.12 £ 2.73 94.17 + 4.79 Midd] 100.03+415 | 100944404 | 95944083 | 99.82 +0.004
NE and EE indicating absence of polysorbate 80 interference (Method B) — 03.49 + 1.51 94.45 + 2.65 s —— —— —— ——
.. : g — — End 96.34 + 3.26 99.20 £ 5.28 97.39+1.69 98.09 +4.02
e Method B: Similar to Method A but mobile phase composition was; 96 92.28 + 1.31 94.32 +2.79
(A):acetonitrile and (B):water containing 0.1 % v/v triethylamine adjusted Table 1. Summary of validation and regression equation parameters of the 120 92.41 + 1.61 93.35 + 1.15 Conclusions ‘
to bH=6.6 (A:35 B:65. v/v) at flow rate of 1.5 mL/min. Iniection volume of reversed phase liquid chromatographic method for determination of NE and EE 144 91.44 +2.21 93.24 + 2.64 , ,
P ( ’ , VIV) / J e An IV formulation of NE and EE was developed using 2.5% ethanol and 2.5%
>0 ul was used. Ethinyl estradiol Norelgestromin o8 L8182 242202 polysorbate 80 as a cosolvent/surfactant system
Linearity: 192 91.68 +1.43 91.33+4.74
* Robustness testing for both NE and EE was done by the use of design of co:Zf;te.isr:Ocnoz?:::::( ) O s e 216 °1.81% 2.9 02722 261 e Our stability studies indicated that at room temperature the IV formulation was
experiment  (DOE)  approach  using  Plackett—-Burman  design. LimitofDR;';ieion(LOD) Oblcizou:‘fr/n”} Oblo‘of’u:‘%TL 240 84.24+143 80.84+2.18 chemically stable up to 9 days when stored in Intravia® medication delivery
Chromatograms and 3 D plots were generated by Empower™ software Limit of Quantitation (LOQ) 0.046 pg/mL 0.022 yig/mL #eypressed as percentage of original concentration remaining (Mean = SD, n = 3) bags.
(Waters®; Milford, MA). The experimental results were computed using T
MODDE pro 11 (Umetrics, Sweden) with respect to capacity factor (K) and rec's'::peatabi,ity(,ntraday) e In addition, our stability studies indicated that both drugs were compatible
number of theoretical plates (N). (% RSD) o | - | with Alarias® low sorbing IV administration set (i.e., stable with minimal drugs
] ] ... ] Stock concentrated solution 110 Intravenous infusion solution :
Intravenous solution preparation and stability studies LL0Q (0.1 ug/mL) 1.49 % 1979 adsorption).
NE/EE IV solution was prepared with sterile water for injection with 2.5% QcL (0.3 pg/mL) 2.05 % 2.53 % m
0 . QCM (3 pg/m) 147 % 0.74 % w100 m e A new chromatographic method was developed and validated for the analysis
ethanol and 2.5% polysorbate 80 as a cosolvent/surfactant system to obtain a QCH (30 pg/mL) 199 % 311 % > 5 . ) _ P . i
. . () r
final drug solution of 252 pg of NE and 25 pg EE and from a concentrated 3 g ° bot compo_unds N presence ot po Ysorbate 80 which usually causes
: . . Intermediate precision (Interday) o S interference during chromatographic analysis.
stock drug solution (5X). Concentrated stock solutions and IV solutions (Baxter (% RSD) : &
Intravia® medication delivery bag) were stored in the refrigerator (3.7°C % 0.6 8 5 . . . . 0L .
9 1&/9 5§C) + 05 el Adgd' , I( di ) LLOQ (0.1 pg/mL) 4.76 % 0.66 % ] g e This IV formulation can be used for future clinical bioavailability studies to
) 0 90 . . . “pe . .
and at room temperature (19. + 0.5), respectively. 'tional studies were %ELN(IO(':”‘%//""LL)) iii; 8;2; S g g determine the absolute bioavailability of other pharmaceutical formulations
: . . . . . e /m P 2o mi |
conductgd (;co examm.e StabI|ItY of the I\/ solutlon. u§|ng .the 1V adm|n|§trat|on o (0 . S s 9 containing NE and EE (e.g., contraceptive transdermal systems).
set (Alarias” low sorbing set) with and without an inline filter. The solution was
allowed to drip at 1 mL/min over a 60 min period. Samples were obtained at 5Dl 7o a0 Acknowledgment ‘
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